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Abstract (Basic): JP 2001060551 A 

NOVELTY - A po I yc ry s t a 1 1 ine silicon layer (3a) is formed over the 
surface of a substrate (1). A silicon oxide layer (5) is then laid over 
the layer (3a). The silicon oxide layer is etched so as to impart 
energy to layer (3a) for regrowth of silicon crystals. 
USE - For e.g. thin film transistor. 

ADVANTAGE - Minute transistor is reliably formed, with the use of 
polycrystal I ine silicon film. 

DESCRIPTION OF DRAWING(S) - The figure shows the sectional view of 
thin film transistor manufacturing method. (Drawing includes 
non-English language text). 
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PROBLEM TO BE SOLVED: To form a po I yc rys t a I I i ne silicon film, having a less 
rugged surface by heat-treating a po I ycrys ta 1 1 i ne silicon layer formed on a 
substrate for flattening, after a silicon oxide formed on the silicon layer 
is removed. 

SOLUTION: An S i 02 film 2 is formed on the surface of a glass substrate 1, 
and an amorphous silicon layer 3 is formed on the film 2. Then a 
polycrystal I ine silicon film 3a is obtained by poly-crystallizing the 
amorphous silicon layer 3 by irradiating the layer 3 with an excimer laser 
beam in the atmosphere. When the film 3a is formed, projections 4 are 
formed along crystal grain boundaries on the surface of the film 3a, and in 
addition, a silicon oxide film 5 is formed on the surface of the film 3a. 
Therefore, the surface of the polycrystal I ine silicon film 3a is exposed by 
etching off the silicon oxide film 5. Then the average surface ruggedness 
of the film 3a is reduced to a half or less by quickly setting up the 
substrate 1 in a vacuum device and performing a prescribed heat treatment 
on the film 3a after evacuating the device to a prescribed vacuum pressure. 
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(54) [Title of Invention] 

A MANUFACTURING METHOD OF SEMICONDUCTOR DEVICE 

(57) [Abstract] 

[PROBLEM TO BE SOLVED] To offer a manufacturing method of semiconductor device, 
wherein a polycrystal silicon film having a less rugged surface can be formed. 

[SOLUTION] A first layer comprising polycrystal silicon is formed on the surface of a base 
substrate. The surface of the first layer is put under the circumstance to etch silicon oxide. 
When the surface of the first layer is covered with silicon oxide, the silicon oxide film is 
removed. The energy to re-grow silicon crystal is given to the first layer. The solid phase 
growth of silicon is happened in the first layer to flatten the surface. 
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[Claim(s)] 

[Claim 1] A manufacturing method of a semiconductor device comprises the processes of: 
forming a first layer comprising polycrystal silicon on the surface of a base substrate; setting 
the surface of the first layer under the circumstance to etch silicon oxide, and removing the 
silicon oxide film when the surface of the first layer is covered with silicon oxide: and giving 
the energy to re-grow silicon crystal to the first layer. 

[Claim 2] A manufacturing method of a semiconductor device according to claim 1, wherein 
the process of forming the aforementioned first layer includes the processes of: forming a 
second layer comprising amorphous silicon or polycrystal silicon on the surface of the 
aforementioned base substrate; and changing to the aforementioned first layer comprising 
polycrystal silicon by irradiating a first laser to the aforementioned second layer. 
[Claim 3] A manufacturing method of a semiconductor device according to claim 2, wherein 
the process of irradiating the aforementioned first laser includes the process of irradiating the 
aforementioned first laser in an oxidized atmosphere. 

[Claim 4] A manufacturing method of a semiconductor device according to claim 2 including 
the process of forming the aforementioned second layer and then covering the surface of the 
aforementioned second layer with silicon oxide film before irradiating the aforementioned 
first layer. 

[Claim 5] A manufacturing method of a semiconductor device according to any one of claims 
1 to 4 including the process of forming the aforementioned first layer and then oxidizing the 
surface of the aforementioned first layer before putting under the circumstance to etch the 
aforementioned silicon oxide. 

[Claim 6] A manufacturing method of a semiconductor device according to any one of claims 

1 to 5 comprising the process of giving energy to the aforementioned first layer in a vacuum 
or inert gas, in the process of giving energy that re-growth of silicon crystal happens to the 
aforementioned first layer. 

[Claim 7] A manufacturing method of a semiconductor device according to any one of claims 

2 to 4, wherein the process giving energy that re-growth of silicon crystal happens to the 
aforementioned first layer includes the process of irradiating the second laser at the 
aforementioned first layer and irradiates the second laser on the conditions that the amount of 
oxygen supplied to per unit area of the surface of the first layer in irradiating the second laser 
is less than the amount of oxygen supplied to per unit area of the surface' of the 
aforementioned second layer in irradiating the aforementioned first laser. 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a manufacturing 
method of a semiconductor device, especially a manufacturing method of a semiconductor 
device using polycrystal silicon films. 

[0002] ;' 
[Description of the Prior Art] A manufacturing method of a thin film transistor (TFT) using a 
polycrystal silicon film is explained. On a glass substrate, an amorphous silicon film is 
formed by the chemical vapor deposition. Excimer laser is irradiated to this amorphous 
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silicon film to polycrystalize. Since polycrystalization by laser radiation can be performed at 
the temperature below the strain point of a glass substrate, it has the advantage not necessary 
to use an expensive quartz substrate. 

[0003] On the polycrystalized silicon film, a gate insulating film with a thickness of 100 to 
150 nm is formed. A metal film to be a gate electrode is formed thereon. The metal film 
and the gate insulating film are patterned to expose the polycrystal silicon film to use as a 
source and a drain regions. The source and drain regions are formed by doping an impurity 
into the exposed polycrystal silicon film. 
[0004] 

[Problem(s) to be Solved by the Invention] If polycrystalization is performed using an 
excimer laser, a projection will be formed along with a grain boundary of the polycrystal 
silicon film. This projection becomes higher compared with a projection formed when 
heating an amorphous silicon film on a quartz substrate with an electric furnace to 
polycrystalize. For this reason, comparatively big irregularity is formed on the surface of the 
polycrystal silicon film. 

[0005] If big irregularity is formed on the surface of the polycrystal silicon film, it will 

become difficult to form a thin gate insulating film on it. Moreover, the electric field 

concentrates at the tip of a projection so that dielectric is easily broken down. Furthermore, 

the irregularity of the surface of the polycrystal silicon film hinders getting detailed. 

[0006] The purpose of this invention is offering a manufacturing method of a semiconductor 

device which can. form a polycrystal silicon film with little irregularity in the surface. 

[0007] 

[Means for Solving the Problem] According to one viewpoint of this invention, a 
manufacturing method of a semiconductor device, which comprises: a process of forming a 
first layer that consists of polycrystal silicon on the surface of a base substrate; a process of 
removing a silicon oxide film in the case of putting the surface of the first layer in an 
environment to etch silicon oxide and overlapping the surface of the first layer with a silicon 
oxide film; and a process of giving energy that re-growth of silicon crystal happens to the 
aforementioned first layer; is offered. 

[0008] If a silicon-oxide film is removed to cause re-grow silicon crystal, the average 

irregularity of the surface of the first layer can be made small. 

[0009] 

[Embodiment Mode of the Invention] With reference to Fig. l r a method of forming a 
polycrystal silicon film by the first embodiment of this invention is explained. 
[0010] As shown in Fig. 1 (A), S\0 2 film 2 with a thickness of 200 nm is formed by the 
chemical vapor deposition (CVD) on the surface of a glass substrate 1. In addition, SiN film 
may be formed instead of SiO? film 2, and the two-layer film of SiN and SiC>2 may be formed. 
On SiO: film 2, an amorphous silicon film 3 with a thickness of 50 nm is formed by the 
plasma excitation type chemical vapor deposition (PE-CVD). 

[0011] As shown;in Fig. I (B), a polycrystal silicon film 3a is obtained by irradiating XeCl 
excimer laser to the amorphous silicon film 3 to polycrystalize in the atmospheric air. The 
beam cross-sectional configuration of the excimer laser is band-like form with. a width of 1.2 
mm. and the time width (pulse width) per shot is 40 ns. This band-like irradiation region is 
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moved in the orientation which intersects perpendicularly with the major axis for every shot, 
and the whole surface of the substrate is scanned. An irradiation region is moved so that the 
rate of the fraction overlapped (rate of overlap) the irradiation region of a certain shot with the 
irradiation region of the following shot may become about 92 to 99 % of the irradiation region 
of one shot. The energy density of excimer laser is 300 to 500 mJ/cm 2 , for example. 
[0012] The projection 4 in alignment with the grain boundary is formed on the surface of 
polycrystal silicon film 3a. The average irregularity of the surface (RMS) measured with the 
atomic force microscope (AFM) was about 14 nm. Moreover, the projection of the height of 
the amorphous silicon film 3 exceeding 50 nm in thickness was also observed. 
[0013] Moreover, since it was heat-treated in the atmosphere in which oxygen exists, the 
surface of polycrystal silicon film 3a are oxidized to form a silicon oxide film 5. 
[0014] As shown in Fig. 1 (C), the silicon oxide film 5 is removed with the etching reagent of 
fluoric acid system. The surface of a polycrystal silicon film 3a is exposed. The average 
irregularity of the surface of the polycrystal silicon film 3a after removing the silicon oxide 
film 5 was about 12 nm. In addition, a silicon oxide film may be removed by dry-etching 
with fluorine system gas. 

[0015] A process until it results in the status of Fig. 1 (D) is explained. After removing a 
silicon oxide film 5, a substrate is quickly set in a vacuum device and evacuated until the 
pressure is set to 1 x 10" 7 Torr. Heat treatment is performed at the temperature of 550 
degrees C for two hours. The average irregularity of the surface of the polycrystal silicon 
film 3a after heat treatment was about 6 nm. 

[0016] As mentioned above, after removing the silicon oxide film 5, the average irregularity 
of the surface of the polycrystal silicon film 5a can be made small by performing heat 
treatment for flattening. In addition, it had a little effect of flattening in the case of 
performing heat treatment for flattening without removing the silicon oxide film 5 performed 
at the process shown in Fig. 1 (C). It is considered that a movement of the silicon atom 
seldom happens during heat treatment in the case of covering the surface of the polycrystal 
silicon film with the silicon oxide film. Although the substrate was quickly set in the 
vacuum devices after removing the silicon oxide film 5 in the above-mentioned embodiment, 
it is more desirable to perform heat treatment for flattening without exposing to the 
atmospheric air. 

[0017] In the above-mentioned embodiment, the heat treatment for flattening was performed 
on the conditions with pressure 1 x If)" 7 Torr, temperature 550 degrees C. When the pressure 
at this heat treatment was set to 1 x 10° Torr, the flattening hardly progressed at the 
temperature 550 degrees C. When temperature was raised to 580 degrees C on the 
conditions of pressure 1 x 10° Torr, the flattening equivalent to the case of the first 
embodiment could be performed. 

[0018] In the above-mentioned first embodiment, the heat treatment for flattening explained 
in Fig. 1 (D) was performed in the vacuum devices. When the lamp heating method was 
applied instead of heat treatment by the vacuum devices, the average irregularity of the 
surface was reduced although there were few amounts of reductions of the irregularity. 
[0019] Next, a method of forming a polycrystal silicon film according to the second 
embodiment is explained. As the above-mentioned first embodiment explained, the average 
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irregularity of the surface of the polycrystal silicon film 3a immediately afterpolycrystalizing 
shown in Fig. I (B) was about 12 nm, and the average irregularity of the surface of the 
polycrystal silicon Film 3a immediately after removing the silicon oxide film 5 shown in Fig. 
1 (B) was about 10 nm. Thus, the average irregularity of the surface becomes a little smaller 
only by removing the silicon oxide film 5. It is considered that the neighborhood of the 
point of the projection is so easily oxidized that the silicon oxide film in the part becomes 
thicker than in the other part. In the second embodiment, this phenomenon is used positively. 
[0020] In the first embodiment, after forming the silicon oxide film 5 shown in Fig. 1 (B), the 
silicon oxide film 5 was removed at the process shown in Fig. 1 (C). In the second 
embodiment, after polycrystalizing shown in Fig. 1 (B), the surface of polycrystal silicon film 
3a is positively oxidized. This oxidization is performed, for example, by exposing the 
surface of the polycrystal silicon film 5 to oxygen plasma. At this time, it is thought that the. 
neighborhood of the point of the projection 4 is preferentially oxidized. 

[0021] After oxygen plasma treatment, the silicon oxide film is removed by dry etching with 
CHF 3 . In addition, the silicon oxide film may be removed by wet etching with the etchant of 
fluoric acid system in the same way as removing the silicon oxide film of the first 
embodiment. After then, heat treatment for the same flattening as the process of Fig. 1 (D) 
of the first embodiment is performed. 

[0022] The average irregularity of the surface of the polycrystal silicon film formed by the 
method of the second embodiment was about 5 nm. Compared with the case of the first 
embodiment, it turns out that average irregularity of the surface becomes smaller. 
[0023] In the case of forming TFT by using a polycrystal silicon film, the polycrystal silicon 
film is patterned to band-like form with a width of a few u m,. for example. When the 
silicon film (with the average irregularity of the surface of 12 nm) polycrystalized by excimer 
laser radiation was patterned to band-like form with a width of 3 U m, the edge of the silicon 
pattern became notched. This notch prevents TFT from getting detailed. Moreover, the 
irregularity of the surface of the silicon film affects the etching property, and easily produces 
an etch residue. On the other hand, the edge became smooth when the polycrystal silicon 
film formed by the method of the second embodiment was patterned to band-like form with a 
width of 3 Urn. Thus, it become possible to make TFT detailed. 

[0024] In the above-mentioned first embodiment, as explained in the process of Fig. 1 (B), an 
amorphous silicon film was polycrystalized by excimer laser radiation. There is little 
average irregularity of the surface of the silicon film polycrystalized by heat-treating in 
vacuum devices instead of laser radiation compared with the average irregularity of the 
surface of the silicon film polycrystalized by laser radiation. The average irregularity of the 
surface of the polycrystalized silicon film was about 4 nm by heat-treating in vacuum devices. 
Also in this case, it was found out that the average irregularity of the surface was decreased 
by removing a silicon oxide film performed at the process shown in Fig. 1 (C) of the first 
embodiment and by performing heat treatment for the flattening performed at the process 
shown in Fig. 1 (D). ; 

[0025] .For example, when the amorphous silicon film was formed on the quartz substrate and 
the silicon film polycrystalized with high temperature heat treatment. of about 600 degrees C 
was flattened, the average irregularity of the surface became about 3.8 nm. Moreover, when 
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the amorphous silicon film including nickel was formed on the glass substrate and the silicon 
film polycrystalized with low temperature heat treatment of about 550 degrees C was 
flattened, the average irregularity of the surface became about 3.5 nm. 

[0026] Next, with reference to Fig. 1 and Fig. 2, a method of forming a poiycrystal silicon 
film according to the third embodiment of this invention is explained. In the 
above-mentioned first example, a silicon film was polycrystalized by performing laser 
radiation in the atmospheric air as explained in the process of Fig. 1 (B), and the surface of 
the poiycrystal silicon film was flattened by heating a substrate in vacuum devices as 
explained in the process of Fig. 1 (D). In the third embodiment, not only polycrystalizing 
process but also flattening process are performed by laser radiation. That is, laser radiation 
(first laser radiation) is performed in order to polycrystalize the amorphous silicon, and next, 
laser radiation (second laser radiation) is performed in order to flatten the poiycrystal silicon 
film.. 

[0027] Compared the manufacturing process of a semiconductor device according to the third 
embodiment with the manufacturing process according to the first embodiment, it is common 
to the extent of the process of removing the silicon oxide film 5 explained in Fig. 1 (C) of the 
first embodiment. In the third embodiment, a poiycrystal silicon film 3a shown in Fig. 1 (C) 
is flattened by irradiating excimer laser. In addition, second laser radiation was performed 
on the conditions of a 1 x 10" 1 Pa pressure, and 95 % of the rate of overlap. Moreover, after 
removing the silicon oxide film 5 shown in Fig. 1 (B), it is desirable to perform second laser 
radiation without exposing a substrate to the atmospheric air. 

[0028] With reference to Fig. 2, the condition of the first laser radiation is explained. The 
horizontal axis of Fig. 2 shows the laser energy density of the first laser radiation with a unit 
mJ/cnT, and the vertical axis shows the average irregularity of the surface with a unit nm. 
[0029] The black dot in Fig. 2 shows the average irregularity of the surface of the poiycrystal 
silicon film polycrystalized by irradiating XeCl excimer laser on the conditions of the pulse 
width for 40 ns, the width of a band-like irradiation region for 1.2 mm, and 96 % of the rate of 
overlap. The white ring in the figure shows the average irregularity of the surface of the 
poiycrystal silicon film obtained by performing laser radiation in vacuum of 1 x 10° Pa 
pressure. 

[0030] In the case of performing laser radiation in the atmospheric air, when the energy 
density is 400 mJ/cm", the average irregularity of the surface becomes the maximum to the 
extent of the value of about 12 nm. On the other hand, in the case of performing laser 
radiation in vacuum, the average irregularity of the surface is 5 nm or less. Observing the 
both by the scanning electron microscope, the average diameter of crystal grain of the silicon 
film performed laser radiation in the atmospheric air was about 0.5 ft m while the average 
diameter of crystal grain of the silicon film performed laser radiation in vacuum was 0.25 U 
m or less. The projection of the surface of the silicon film performed laser radiation in the 
atmospheric air was formed along with the grain boundary. 

[003;1] Although a poiycrystal silicon film with small average irregularity of the surface is 
obtained by performing the first laser radiation in vacuum, this film has a small average • 
diameter of crystal grain. It is difficult to obtain. TFT with sufficient property by the silicon 
film with small average diameter of crystal grain. 
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[0032] In Fig. 3, the average irregularity of the surface of the polycrysta] silicon film formed 
by the method of the third embodiment is shown, compared with the example of reference. 
The horizontal axis of Fig. 3 shows the laser energy density with a unit mJ/cm 2 , and the 
vertical axis shows the average irregularity of the surface with a unit nm. A white 
quadrilateral in figure shows the average irregularity of the surface of the polycrystal silicon 
film formed by the method of the third embodiment. A black quadrilateral shows the case of 
performing the second laser radiation without removing the silicon oxide film 5 shown in Fig. 
1. The laser energy density of the horizontal axis is equivalent to the energy density of the 
second laser radiation. In addition, the energy density of the first laser radiation is 400 
mJ/cm . 

[0033] The broken line indicated in Fig. 3 shows the average irregularity of the surface 
expressed with the black dot of Fig. 2. The horizontal axis in this case is equivalent to the 
energy density of the first laser radiation. 

[0034] When the second laser radiation was performed without removing a silicon oxide film, 
as a black quadrilateral showed, the reduction of the average irregularity of the surface was 
hardly seen in the range that the laser energy density was 400 mJ/cm 2 or less. In the range 
that the laser energy density was 400 mJ/cm 2 or more, although the reduction of the average 
irregularity of the surface was seen, the average irregularity of the surface of the obtained 
polycrystal silicon film was equivalent to the case where only laser radiation for 
polycrystalizing was performed by the energy density of 400 mJ/cm 2 or more. 
[0035] On the other hand, in the case of the third embodiment, as shown by a white 
quadrilateral, the reduction of the average irregularity of the surface was seen by the second 
laser radiation. Especially, when the energy density of the second laser radiation was set to 
400 to 480 mJ/cm 2 , the average irregularity of the surface becomes 4 nm or less. This is the 
same grade as the average irregularity of the surface of the silicon film polycrystalized by the 
solid phase growth by heating with vacuum furnace. 

[0036] The polycrystal silicon film formed by the method of the third embodiment was 
analyzed by the scanning electron microscope. It turns out that the diameter of crystal grain 
of the polycrystal silicon film formed by the method of the third embodiment was the same 
grade as the diameter of crystal grain after the first laser radiation or was more expanded. 
Moreover, the projection formed along with the grain boundary had almost disappeared. 
[0037] The first laser radiation is preferably carried out with the energy density to make the 
average irregularity of the surface larger. At this time, a polycrystal silicon film with large 
diameter of crystal grain is obtained. For example, the first laser radiation is preferably 
carried out on the conditions that the average irregularity of the surface becomes 5 nm or 
more. Moreover, the- second laser radiation is preferably carried out with the larger energy 
density than of the first laser radiation. Thereby, the reduction effect of the average 
irregularity of the surface of a polycrystal silicon film can be raised. In addition, if the 
energy density of the second laser radiation is made high too much, microcrystalization of a 
silicon film will be accelerated. For this reason, it is desirable to make the energy density 
below the threshold to microcrystalize. Moreover, you may heat a substrate at the time of 
the second laser radiation. Heating a substrate can raise the quality of a crystal. 
[0038] In the third embodiment, although the rate of overlap of the second laser radiation was 
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set to 95 %, other rates of overlap may be set. According to the experiments of inventors of 
this application, it turned out that there were little effects on flattening when the rate of 
overlap was less than 90 %. Therefore, it is desirable to set the rate of overlap of the second 
laser radiation to 90 % or more. In addition, when the rate of overlap cannot be set to 90 % 
or more because of constraint of equipment, the same effect as the case of 90 % of the rate of 
overlap could be substantially acquired by irradiating two shots to the same part and by 
moving an irradiation region so as to set the rate of overlap to 80 %. 

[0039] In the third embodiment, although the pressure in the ambient atmosphere of the 
second laser radiation was set to 1 x 10" 1 Pa, other pressures may be set. 

[0040] Fig. 4 shows a relation between the pressure in the ambient atmosphere of the second 
laser radiation and the average irregularity of the surface of a polycrystal silicon film. The 
horizontal axis of Fig. 4 shows the pressure with a unit Pa, and the vertical axis shows the 
average irregularity of the surface with a unit nm. If pressure is lowered from atmospheric 
pressure to 1 x 10 4 Pa, the average irregularity of the surface will become small abruptly. 
Moreover, in the range from 1 x 10 4 Pa to 1 x 10' 1 Pa, the average irregularity of the surface 
becomes small slowly as pressure is lowered. If pressure is set to 1 x 10" 1 Pa or less, the 
average irregularity of the surface will be easily lowered. 

[0041] From Fig. 4, it is desirable to set pressure of the second laser radiation to 1 x 10 4 Pa or 
less, and it is more desirable to set to 1 x 10" 1 Pa or less. 

[0042] In addition, the second laser radiation may be performed in the ambient atmosphere of 
inert gas, for example, in the ambient atmosphere of nitrogen gas. In this case, before filling 
nitrogen gas in a vacuum vessel having a substrate therein, it is desirable to evacuate to the 
pressure of 1 x 10 4 Pa or less, and it is more desirable to evacuate to the pressure of 1 x 10" 1 
Pa or less. 

[0043] Moreover, this result shows that the flattening of a polycrystal silicon film can be 
performed by making the pressure of the second laser radiation lower than the pressure of the 
first laser radiation. That is, the pressure of the first laser radiation may be set to 1 x 10 2 Pa, 
and also the pressure of the second laser radiation may be set to 1 x 10° Pa. It is considered 
that the fall of pressure causes an oxygen partial pressure to fall. 

[0044] That is, it is considered what is important is not the total pressure of laser radiation but 
the oxygen partial pressure in the ambient atmosphere of laser radiation or the amount of 
oxygen supplied to per unit area of the surface of a silicon film. In other words, making the 
oxygen partial pressure of the second laser radiation or the amount of oxygen supplied to per 
unit area of the surface of a silicon film less than that of the first laser radiation enables the 
surface of a silicon film to flatten. 

[0045] The case, where it is evacuated, to 1 x 10" 3 Pa to replace with nitrogen so as to set to 
the pressure of 1 x 10' Pa after performing the first laser ridiation in the ambient atmosphere 
with pressure of 1 x 10" 2 Pa. is considered. At this time, the atmospheric pressure of the 
second laser radiation becomes higher than that of the first laser radiation. However, as for 
an oxygen partial pressure, that of the second laserradiation is lower than that of the first laser 
radiation. For this reason, it becomes possible to perform the flattening of a silicon film. 
[0046] Next, the case, where the silicon oxide film. is formed on the surface of a silicon film at 
the lime of the first laser radiation, is considered; The pressure of the first laser radiation 
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may be set to 1 x 10° Pa, and also the pressure of the second laser radiation may be set to 1 x 
1CT 1 Pa. As for an oxygen partial pressure, that of the second laser radiation is higher than 
that of the first laser radiation. However, since a silicon oxide film is formed on the surface 
of the silicon film at the time of the first laser radiation, as for the amount of oxygen supplied 
to per unit area of the surface of a silicon film, that of the second laser radiation is lower than 
that of the first laser radiation. For this reason, it becomes possible to perform the flattening 
of a silicon film. 

[0047] After removing the silicon oxide film, the effect of flattening was not seen in the case of 
performing the second laser radiation in the atmospheric air. This shows that it is desirable 
to perform the second laser radiation in a non-oxidizing atmosphere. 

[0048] Next, a manufacturing method of a polycrystal silicon film according to the fourth 
embodiment is explained. In the above-mentioned third embodiment, a polycrystal silicon 
film with large average diameter of crystal grain was formed by performing the first laser 
radiation in the atmospheric air. It is thought that the average diameter of crystal grain 
becomes larger than the case of performing the first laser radiation because the surface of the 
silicon film is covered with the oxide film or because of an influence of the oxygen in the 
atmospheric air. 

[0049] In the case of performing the first laser radiation in the atmospheric air, the status of 
the silicon oxide film of the surface of the silicon film may be changed according to the 
atmosphere at the time of laser radiation, for example humidity and atmospheric 
temperature, and furthermore, the status of the polycrystal silicon film to be formed, for 
example the diameter of crystal grain etc., may be also changed. In the fourth embodiment, 
a method of forming a polycrystal silicon film seldom influenced by the atmosphere of the first 
laser radiation is offered. 

[0050] Hereafter, the fourth embodiment is explained, comparing with the method of forming 
a polycrystal silicon film according to the first embodiment with reference to Fig. 1. After 
forming the amorphous silicon film 3 shown in Fig. 1 (A), a silicon oxide film on the surface is 
removed. A silicon oxide film with a fixed thickness is formed on the surface of the 
amorphous silicon fiim 3 after removing the silicon, oxide film. A silicon oxide film can be 
formed by a method of heat-treating in the oxygen atmosphere, a method of irradiating 
ultraviolet rays, a method of exposing to oxygen plasma, and a method of depositing silicon 
oxide films by the chemical vapor deposition (CVD) or sputtering, etc. 

[0051] After forming a silicon oxide film on the surface of the amorphous silicon film, the first 
laser radiation is performed to polycrystalize the amorphous silicon film. The first laser 
radiation is performed in vacuum or in inert gas. A polycrystal silicon film 3a shown in Fig. 
1 (B) is formed. The processes after this are the same as that of the case of the 
above-mentioned third embodiment. ■ 

[0052] Fig. 5 shows the degree of crystallinity in the case of changing the thickness of the 
silicon oxide film formed on the surface of the amorphous silicon film 3 as a function of the 
energy density of the first laser radiation. The horizontal axis shows the energy density with 
a unit mJ/cm-, and the vertical axis .shows the degree of crystallinity with a unit %. The 
degree of crystallinity was evaluated by the height of the peak of the reflected light which 
appeared in the position with a wavelength of 280 hm at the time of irradiating ultraviolet 
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rays at a silicon film*. In addition, the height of the peak in measuring a single crystal silicon 
wafer was set to 100 % of the degree of crystallinity. A white ring in drawing shows the case 
of not forming a silicon oxide film, and a black dot and a black quadrilateral show the cases 
where the thick nesses of silicon oxide films are 1 nm and 10 nm, respectively. 
[0053] If the laser energy density exceeds 340 mJ/cm 2 when the thickness of the oxide film is 
10 nm, the degree of crystallinity will fall abruptly. For this reason, it is desirable to make 
the silicon oxide film formed on the surface of the amorphous silicon film thinner than 10 nm 
in thickness. 

[0054] In the fourth embodiment, before the first laser radiation, the surface of the 
amorphous silicon film is covered with the silicon oxide film. For this reason, the quality of 
the polycrystal silicon film is hardly influenced of the atmosphere of the first laser radiation. 
[0055] In the fourth embodiment, although the silicon oxide film was formed before 
performing the first laser radiation, the quality of the polycrystal silicon film could be 
stabilized also by controlling the atmosphere of the first laser radiation instead of forming a 
silicon oxide film before laser radiation. For example, laser radiation may be performed, 
controlling the flow rate of oxygen gas after removing the silicon oxide film formed on the 
surface of an amorphous silicon film to arrange a substrate in the vacuum vessel. Moreover, 
oxygen gas and inert gas may be passed, controlling both of the flow rates. 

[0056] Moreover, when the first laser radiation was performed, heating a substrate in inert 
gas, the polycrystal silicon film having the same crystal grain diameter as the case of the 
fourth embodiment could be formed. This is considered because a vacuum vessel is heated 
by heating a substrate to emit moisture and oxygen which absorbed with the wall of the 
vacuum vessel into the vessel, or because the diameter of crystal grain became large 
according to the effect of heating a substrate. 

[0057] In the above first to fourth embodiments, although the energy density of the first laser 
radiation was set to 400 mJ/cm 2 , as long as there are the conditions where the degree of 
crystallinity becomes large, the laser with other energy densities may be irradiated. For 
example, the suitable energy density of the first laser radiation ranges 360 mJ/cm 2 or more. 
In addition, if the energy density is made high too much, it will be microcrystalized while the 
degree of crystallinity becomes high. Since the damage may remain in the silicon film 
according to microcrystalization, it is desirable to set the energy density to below the 
threshold which produces microcrystalization. According to the experiments of inventors of 
this application, microcrystalization arose when the energy density was set to more than 450 
mJ/cm 2 . In addition, the suitable laser energy density changes with the pulse width of the 
laser to use, a beam profile, and substrate heating etc. 

[0058] In the above-mentioned third embodiment, the rate of overlap at the time of the first 
laser radiation was set to 95 %. In irradiating at one place of the surface of the silicon film 
for more than one hundred times, the surface of the film will become rougher and receive 
more damage to the film. For this reason, it is desirable to set the rate of overlap of the first 
laser radiation to 99 % or less. In addition, at the time of the second laser radiation, the 
silicon film did not receive damage in the case of the rate of overlap for 99 % or more. 
[0059] Next, a method of manufacturing TFT by using a polycrystal silicon film manufactured 
by the method of the above first to fourth embodiments is explained. 
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[0060] As shown in'Fig. 6 (A), an Si0 2 film 2 with a thickness of 200 nm and a poly crystal 
silicon film 3a with a thickness of 50 nm are formed on the surface of a glass substrate 1. 
The manufacturing processes till this process are the same as the manufacturing processes 
shown in Figs. 1 (A) to (D). The polycrystal silicon film 3a is formed by any one of the 
methods of the first to fourth embodiments. 

[0061] As shown in Fig. 6 (B), the silicon film 3a is patterned to leave an active region 3c of a 
polycrystal silicon thin film. The polycrystal silicon film is etched by reactive ion etching 
(RIE) with the mixed gas of CF.» and O2. A gate insulating film 14 with a thickness of 120 nm 
comprising Si02 is formed on Si02 film 2 so as to cover the active region 3c. The gate 
insulating film 14 is formed by the plasma excitation type chemical vapor deposition 
(PE-CVD) with SiH 4 and N2O. 

[0062] Among the surfaces of the gate insulating film 14, a gate electrode 15 with a thickness 
of 300 nm comprising AISi alloy is formed on a part of region upper active region 3c. The Si 
concentration of the gate electrode 15 is 0.2 % of the weight. Deposition of AISi alloy film is 
performed by sputtering and etching of AISi alloy film is performed by using the etchant of 
phosphoric-acid system. 

[0063] As shown in Fig. 7 (A), the gate insulating film 14 is patterned to leave a gate 
insulating film 14a. Etching of the gate insulating film 14 is performed by RIE using the 
mixed gas of CHFa and O-: The gate insulating film 14a juts out into the both sides of the 
gate electrode 15 by about 1 >i m. The active region 3c juts out into the both sides of the gate 
insulating film 14a. 

[0064] In Fig. 7 (A), although the positions of the gate electrode 15 and the gate insulating 
film 14a are doubled by using usual photolithography technique, you may double both 
positions self-matchingly. For example, a jutting part of the gate insulating film 14a can be 
formed self-matchingly by using the anodic oxidation of an aluminum gate electrode, as 
disclosed in JP 8-332602. 

[0065] Phosphorus ion is doped into the part jutted out over the both sides of the gate 
insulating film 14a among the active region 3c by the ion doping method. This ion doping is 
performed on the conditions on which phosphorus ion is not doped into the part covered by the 
gate insulating film 14a. 

[0066] As shown in Fig. 7 (B). the second phosphorus ion is doped in by the ion doping method. 
This ion doping is performed on the conditions which phosphorus ion reaches to the lower part 
of the part jutted out over the both sides of the gate electrode 15 among the gate insulating 
film 14a. Excimer laser annealing is performed to activate the doped P. A source low 
concentration region US and a drain low concentration region 11D are formed underneath 
the part jutted out over the both sides of the gate electrode 15 among the gate insulating film 
14a. Furthermore, in the outside, a source high concentration region 10S and a drain high 
concentration region 10D are formed. 

[0067] Fig. 8 shows the cross section .of the active matrix liquid crystal display which applied 
TFT shown in Fig. 7 (B). A SiOi> film 2 is formed on a glass substrate 1. and TFT 20 is formed 
on the surface. 

[0068] A SiOj film 30 with a thickness of 400 nm is formed on the S1O2 film 2 so as to cover 
TFT 20. The SiO^ film 30 is formed by PE-CVD, for example. The contact holes 31 and 32 
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are formed in the position corresponding to a drain high concentration region 10D and a 
source high concentration region 10S, of the Si0 2 film 30, respectively. The contact holes 31 
and 32 are formed by RIE which used the mixed gas of CHFs and Oj. 

[0069] The drain bus line 33 is formed on the surface of the SiO- film 30. The drain bus line 
33 is connected to the drain high concentration region 10D via the inside of the contact hole 31. 
The drain bus line 33 has the two-layer structure of Ti film with a thickness of 50 nm and AISi 
alloy film with a thickness of 200 nm. 

[0070] The connection electrode 34 is formed in the position corresponding to the contact hole 
32 on the surface of the Si0 2 film 30. The connection electrode 34 is connected to a source 
high concentration region 10S. 

[0071] On the SiO- film 30, the SiN film 35 is formed so as to cover the drain bus line 33 and 
the connection electrode 34. On the surface of the SiN film 35, the pixel electrode 36 
comprising indium tin oxide (ITO) is formed. The pixel electrode 36 is connected to the 
connection electrode 34 through the contact hole formed in the SiN film 35. On the SiN film 
35, an orientation film 37 is formed so as to cover the pixel electrode 36. 

[0072] An opposite substrate 40 is arranged so as to counter the glass substrate 1. On the 
opposite side of the opposite substrate 40, the common electrode 41 comprising ITO is formed. 
A shading film 42 is formed in the predetermined region to shade on the surface of the 
common electrode 41. On the surface of the common electrode 4L an orientation film 43 is 
formed so as to cover the shading film 42. A liquid crystal material 50 is filled up with 
between the two sheets of orientation films 37 and 43. 

[0073] Since the active region 3c of TFT 20 is a polycrystal silicon film formed by the methods 
of the first to fourth embodiments, the average irregularity of the surface is small. For this 
reason, while it makes TFT 20 more minute, it prevents the gate insulating film from 
dielectric breakdown by concentration of the electric field. 

[0074] Although this invention was explained in accordance with the examples above, this 
invention is not restricted to these. For example, the same trades will obviously understand 
that various change, enhancement, combination, etc. are possible. 
[0075] 

[Effect of the Invention] As explained above, according to this invention, it is enabled to form 
a polycrystal silicon film with the small average irregularity of the surface. A TFT with high 
reliability and minuteness can be formed by using this polycrystal silicon film. 

[Brief Description of the Drawings] 

[Fig. 1] is a cross section of the substrate for explanation of a method of forming a polycrystal 
silicon film according to the example of this invention. 

[Fig. 2] is a graph which shows the .iverage irregularity of the surface of the polycrystal 

silicon film polycrystalized by laser radiation as a function of laser energy density. 

[Fig. 3] is a graph which shows the average irregularity of the surface of the polycrystal 

silicon film formed by a method of the third embodiment and by a method of the comparative 

example as a function of laser energy density at the time of the second laser radiation. 

[Fig. 4] is a graph .which shows the average irregularity of the surface of the polycrystal 

silicon film formed by a method of the third embodiment as a function of the pressure in the 
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ambient atmosphere- at the time of the second laser radiation. 

[Fig. 5] is a graph which shows the average irregularity of the surface of the polycrystal 
silicon film in the case of changing the thickness of the silicon oxide film on the amorphous 
silicon film formed at the time of forming the polycrystal silicon film according to the fourth 
embodiment as a function of energy density at the time of the first laser radiation. 
[Fig. 6] is a cross section of a substrate for explanation of a method of forming a TFT by 
using the polycrystal silicon films formed by the methods of the first to fourth embodiments. 
[Fig. 7] is a cross section of a substrate for explanation of a method of forming a TFT by 
using the polycrystal silicon films formed by the methods of the first to fourth embodiments. 
[Fig. 8] is a cross section of a LCD using a TFT which applied the polycrystal silicon film 
formed by the methods of the first to fourth embodiments. 

[Description of Notations] 
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